ABSTRACT: Mosquito larvae were collected from the subalpine region of the eastern Sierra Nevada Mountains from 2011 to 2014. Two watersheds were sampled and sites selected were mainly vernal snow-melt pools and wet meadows. Seven Aedes species, Culiseta incidens (Thomson), and Culex tarsalis Coquillett were collected. The most abundant and widely distributed species were Ae. hexodontus Dyar and Ae. tahoensis Dyar. Aedes tahoensis was the predominate species in woodland snowmelt habitats. Some species were found at most elevations while others were found more often at specific elevations. The most restrictive species was Ae. ventrovittis Dyar which occurred almost exclusively between 3,219 m a.s.l. and 3,390 m a.s.l. Shannon and Simpson species diversity indices demonstrated that species diversity was greater in meadow habitats compared to woodland habitats. Mixed woodland/meadows, rock pools, and shallow grass pools were intermediate in species diversity. Abiotic factors such as snowpack and water temperature impacted species development times and when habitats dried. It was concluded that spatial and temporal patterns of habitats, along with elevation, influenced species presence and larval development. The results of the present study and previous work in the eastern Sierras will help guide future research that focuses on the potential change in the distribution and seasonality of subalpine mosquitoes and disease potential in the eastern Sierras as climatic conditions change. Journal of Vector Ecology 44 (1): 154-172. 2019.
INTRODUCTION
The importance of mosquitoes as vectors of disease has reemerged as a major concern in the United States. The introduction of new mosquito-borne viral diseases, including West Nile Virus (WNV), indicates that knowledge about the changing patterns of mosquito distribution and their abundance are needed for the continual management and control of vector-borne disease. The State of California reported 553 symptomatic infections of WNV in 2017 and 118 in 2018 (http://www.westnile.ca.gov). Four human cases of WNV were recorded, and WNV was isolated from Culex tarsalis Coquillett in Inyo County, CA in 2017 (pers. comm., Owens Valley Mosquito Abatement Program). These isolates were in the same general area where the present research took place, but at lower elevations. Previously, Ae. cataphylla Dyar, Ae. increpitus Dyar, and Ae. tahoensis Dyar, which occur in the Sierra Nevada Mountains, were infected with both California encephalitis and California encephalitis-like viruses in the laboratory (Kramer et al. 1993) . Aedes tahoensis, Ae. cataphylla, Ae. hexodontus Dyar, and Ae. increpitus were variably susceptible to alpine strains of Jamestown Canyon virus (JC) virus (Kramer et al. 1992 ). In the same study, alpine strains of JC virus were transmitted vertically by Ae. tahoensis, following parenteral infection of females. Also, Ae. tahoensis, Ae. cataphylla, and Ae. hexodontus were incriminated as natural vectors of JC virus in the Sierra Nevada Mountains (Campbell et al. 1991 .
Changing climate has raised concern that mosquito distribution may change, and most models tend to project an increased risk for vector-borne disease (VBD) transmission at higher latitudes and elevations during the upcoming century (Tjaden et al. 2017) . With the potential of mosquito distribution changing and WNV being found at higher elevations, Eisen et al. (2008) examined how mosquito species richness, composition, and abundance change along natural habitat-climate elevation gradients in the northern Colorado Front Range from the plains at 1,500 m above sea level (m.a.s.l.) to the montane zone (2,400 m.a.s.l.). The distribution of mosquitoes and West Nile Virus (WNV) was also examined by Barker et al. (2009) in the same area. Studies on the elevational distribution of mosquitoes in the western U.S.A. were previozusly conducted in Wyoming (Denke 1996) , Colorado (Baker 1961 , Smith 1966 , and Arizona/New Mexico (Wolff and Nielsen 1976) . Freeborn and Bohart (1951) and Bohart and Washino (1978) reviewed the distribution of mosquitoes in California. The majority of studies on larval distribution and habitat in the Sierra Nevada Mountains of California were done from 1960 to 1972 (Carpenter 1961a (Carpenter , b, c, 1962a (Carpenter , b, c, 1963 (Carpenter , 1968 (Carpenter , 1969 (Carpenter , 1970 (Carpenter , 1972 . Two of these surveys were conducted in the same area as the present study (Figure 1a, Carpenter 1970 , 1972 .
The purpose of this study was to examine the ecology of subalpine mosquitoes, to compare results with previous studies, and to provide information that can be used to examine changes in larval ecology, including larval habitats and elevational distribution as climate changes. Also, it was determined whether potential vectors expanded their range. To achieve these objectives, mosquitoes were sampled at different elevations, habitats characterized, seasonal patterns measured, and species richness and diversity calculated for different habitats and elevations.
MATERIALS AND METHODS
The eastern slope of the Sierra Nevada Mountains is dominated by glacial paternoster lakes, associated streams, wetlands, and vernal pools (Figure 1b) . It is part of the Great Basin Ecoregion and differs from the western Sierras in being much drier with lower annual rainfall. The area of study was located in the Inyo National Forest and included the John Muir Wilderness. Two watersheds were sampled; South Fork of Bishop Creek and Rock Creek (Figure 1a ). Samples were taken in the subalpine zone (Fites-Kaufman et al. 2007 (Tables 1 and 2 ). The area of each site was measured using AGRIplot App, Goggle Earth Pro, and if sites were small they were measured with a meter tape. Habitats were classified as meadows, woodland pools, stream backwater, grassy marshes, or rock pools. The presence or absence of detritus, Salix spp., and grasses was recorded. Larvae were identified using the keys of Carpenter and LaCasse (1955) , Bohart and Washino (1978) , and Darsie and Ward (2005) . In most cases, all four instars were able to be identified. Pupae were recorded but not identified or reared to adults. Larvae were stored in four dram glass vials with 70% alcohol. If larvae were too dark to see defining taxonomic characteristics, they were placed in 10% potassium chloride until cleared. The genus name Aedes was used in accordance with Wilkerson et al. (2015) .
Species diversity was calculated using the Shannon Index where n i = number of individuals of species i and N = total sample size (https://www.alyoung.com/labs/biodiversity_ calculator.html). Species diversity indices measure the species richness (number of species), and the proportion of each species in a community. The Shannon Index varies directly with heterogeneity and is sensitive to changes in rare species, while the Simpson Index varies inversely with heterogeneity and is sensitive to changes in the more common species (Peet 1974) . The Equitability Index is based on the evenness of the distribution between species (Peet 1974) , and quantifies how equal the community is numerically (Heip et al. 1998) .
RESULTS

Species distribution
South Fork of Bishop Creek. Twenty major sites were sampled from 2,696 m a.s.l. to 3,419 m a.s.l. in habitats ranging from woodland pools to open meadows along the South Fork of Bishop Creek (Tables 1) and seven species of Aedes were collected (Table 3, Figure 2 ). In most cases, larvae were collected along the margins of the sites or near downed logs that were in the water. Very few larvae were found more than 1 m from the edge of the habitat. The only exception was at Site 14 where larvae were found in the grass margin and swimming freely greater than 1 m from the edge of the habitat.
The most abundant and widely distributed species were Ae. hexodontus and Ae. tahoensis. Aedes hexodontus was found at 18 sites. It was most abundant in meadow habitats and rare or absent in snow-melt woodland pools. Woodland pools were dominated by Ae. tahoensis and it was found at 17 sites. It was not found at Site 20, a grassy marsh, and at the two highest elevation habitats (Sites 18 and 19 Culex tarsalis larvae were collected at Bishop Creek Site 1 on June 15 and Culiseta incidens (Thomson) larvae were collected along the South Fork of Bishop Creek at Sites 2, 3, 6, 11, 12, 18, and 19 from late June and early July until the last date sampled.
Rock Creek. Seventeen sites were sampled from 2,554 m a.s.l to 3,316 m a.s.l. in habitats ranging from vernal pools to open meadows along Rock Creek Watershed (Table 2) . They were not as regularly collected as the sites along the South Fork of Bishop Creek. Some sites were dry or negative during 2012 or 2014 or both. For example Sites 1, 4, 5, and 7 were sampled in 2011, but they were dry in 2012 and 2014. Eight sites were sampled for three years, four were sampled for two years, and five were sampled only one year.
The same seven species of Aedes were collected as along Bishop Creek (Table 4, Figure 3 ). The most abundant and widely distributed species were Ae. tahoensis and Ae. hexodontus. The Rock Creek Watershed lacked woodland pools which probably contributed to the lower number of Ae. tahoensis collected. Aedes tahoensis larvae were collected at eight sites from 2,605 m a.s.l. to 3,316 m a.s.l. Larvae of Ae. hexodontus were found at 11 sites. It was not found at the three lower elevation sites between 2,554 m a.s. 3,183 m a.s.l. Aedes ventrovittis was collected from six sites; five which were above 3,219 m a.s.l. and were mainly open meadows. Aedes pullatus was found at three sites and it was most abundant at Site 14 (3,296 m a.s.l.). Aedes schizopinax was only collected at Site 4 (n = 3), a roadside pool and Cs. incidens larvae were collected at Sites 1-7 from mid-June until August 4 th when sampling was discontinued.
Seasonal development
Results from the South Fork of Bishop Creek in 2013 provided the best indication of phenology of the species collected. Figure 4 shows the seasonal pattern for immature Ae. hexodontus from nine sites ranging from 2,882 m a.s.l. to 3,419 m a.s.l. Most sites followed a progression from early to late instar larvae. First instar larvae were only collected at Sites 14, 16, and 19 which were above 3,270 m a.s.l., which indicated that larval hatching took place later at these sites than at lower elevations. The exceptions were meadow Site 13 and 18. Sites 18 and 19 were both part of the same meadow, however they had different habitat characteristics. Site 18 was an unshaded depression in the open meadow, while Site 19 was at the edge of the meadow near a stream which was partially shaded by low lying Salix spp. and grasses.
A similar difference in 1 st instar presence and seasonal occurrence of Ae. hexodontus was seen between Site 7 (a shallow pool) and Site 20 (edge of a marsh with a stream flowing through it), and between Site 13 (open wet meadow) and Site 14 (grass meadow pool adjacent to a pond and stream). At Site 7, no 1 st instar larvae were collected, and larvae were collected until May 27 (Figure 4 ), while at Site 20, 1 st instars were collected from May 15 until May 21, and th instar Ae. tahoensis were also present at woodland pool Site 10 (n = 46), but the site was dominated by hundreds of pupae from May 15 to June 4. Only a few sites had 1 st instar larvae, which indicated that eggs hatched earlier than the first collection date at the majority of sites. Aedes tahoensis larvae were collected from most sites before June 10, except at Site 12 where a few 4 th instar larvae were collected on July 4. A comparison of the seasonal abundance between the woodland pool Site 9 and the rock edge snow-melt pool Site 12 showed that larval development at Site 9 occurred two weeks earlier than at Site 12. Site 12 was a north-facing site at the base of a rock ledge and early in the year it had snow and ice longer than other sites.
In 2013, Ae. pullatus was collected from five sites (12, 13, 16, 18, and 19) . Only sites 18 and 19 had larval abundances large enough to examine larval seasonality (Figure 7 ). The seasonality of Ae. pullatus larvae at Site 18 differed from Site 19 in that no 1 st instar larvae were collected at Site 18, and the last larvae were collected on June 5. Whereas at Site 19, 1 st instar larvae were present during the first three collections, and the last larvae were collected on July 4.
Aedes cataphylla was collected from ten sites in 2013, but most sites had very low abundance. Only Sites 13 and 14 had enough larvae to examine seasonality (Figure 7 ). The seasonality of larvae at Site 13 differed from Site 14 in that no 1 st instar larvae were collected at Site 13. Fourth instars were collected on May 13, and the last larvae were collected on June 5. (Figure 7 ). Whereas at Site 14, 1 st instar larvae were collected on May 13 and May 20, and the last 4 th instar larvae were collected on June 5. Site 13 was an open grass meadow with large pools and Salix spp. on one side, while Site 14 was 71m downhill from Site 13, and it was at the edge of a grassy wet meadow adjacent to a stream and pond.
In 2013, Ae. increpitus was collected from four sites (3, 4, 13, and 14). Only four larvae were collected from Sites 3, 13, and 14. At Site 4, 4 th instar Ae. increpitus were collected on May 15 indicating that at this site and elevation, larval hatching occurred before this date. In 2011, no 1 st or 2 nd instar larvae were collected from Site 4, and only 3 rd instars were collected on the first day of collection May 18. Again, at lower elevations the first collections in mid-May missed the initial hatch of larvae. Aedes schizopinax was collected at three sites in 2013 (3, 4, and 13). At Site 3, Aedes schizopinax larvae had a longer period of development than at the other two sites. Second and 3 rd instars were collected on May 13, and the last larvae were collected on July 26 (Figure 7) . This site was a grass meadow seep hole with water present late into the year. Water appeared to seep into this site from a stream that curved around the meadow.
Larval development and adult emergence can be effected by the amount of snow the previous winter; the more snowpack the later the snowmelt and larval hatching. During the four years of the study there was a progressive decrease in snowpack. To examine the impact on egg hatching and immature development, the date when the first pupae were collected and the date when sites were dry were examined for sites along the South Fork of Bishop Creek. Sites where pupae developed and adult eclosed before the next date of collection were excluded from the analysis. The dates pupae first appeared in 2011 were much later than the dates when the first pupae appeared in 2012 through 2014 (Table 5) . Also, none of the sites sampled were dry on the last day of collection in 2011, but by 2014 when the snowpack water content decreased to 25% of normal, seven of the ten sites were dry by July 7. The three sites that still had water in 2014 were Site 12 next to a north facing rock ledge, and Sites 14 and 19 that were influenced by seepage from adjacent streams. It should be noted that Site 2 also had water on the last day of collection in 2013 on August 31, but during the time Aedes larvae would have been present it was dry. It became wet in late July due to stream seepage or a stream overflow event. It then became a breeding site for Cs. incidens. Also, Site 3, which was only sampled in 2013 and 2014, had water present on the last day of collection on August 27, 2013 and on July 7, 2014. The first pupae were found in 2013 on June 13 and on June 8 in 2014. Similar to Sites 14 and 19, these two sites were influenced by seepage from adjacent streams.
During 2013, collections were made at most sites until they were dry or until late August. This provided an opportunity to better understand the seasonal development of Cs. incidens larvae. Sites 2, 3, 12, 18, and 19 were examined (Figure 8 ). Larval development took place throughout the summer and mostly in meadow habitats from 2,772 m a.s.l. to 3,419 m a.s.l. The earliest that Cs. incidens was collected was on June 17 at Site 12, and larvae were collected up until the last date sampled (August 27-28) at Sites 3 and 19. Site 2 was dry on June 19, but had water in mid-July. Culiseta incidens was present at this site from July 26 until August 18. Site 18 had Cs. incidens larvae earlier than Site 19 and larvae were absent after July 7, while Site 19 had larvae present until the last day of collection on August 28. Culiseta incidens larvae were found in association with late instar Aedes or it was the only species collected. At the higher altitudes it was mainly associated with Ae. hexodontus and Ae. pullatus.
Species diversity
Some Aedes species did not occur in the same habitat every year, particularly those that were rare. Therefore, to be more inclusive, the number of each species was summed over the years of collection, proportional abundance calculated, and species diversity indices determined (Table 6 and 7) . Along the South Fork of Bishop Creek, the Shannon index was negatively correlated with the Simpson Index (r = -0.992). Evenness was highly correlated with the Shannon index (r = 0.966) and negatively correlated with the Simpson index (r = -0.799). The Shannon species diversity (H) ranged from 0.027 to 1.42, Simpson Index (D) from 0.301 to 0.992, and evenness (Even.) from 0.035 to 0.795. Woodland pools (Sites 6, 8, 9, and 10), which were dominated by Ae. tahoensis, had lower species diversity indices than the other sites (Table 6) .
The other site which had a high proportional abundance of one species was the wet marsh Site 20, where 98% of the larvae collected were Ae. hexodontus and 0.02% were Ae. cataphylla. Species diversity and evenness for Site 20 were similar to those for Ae. tahoensis in woodland pools (H = 0.096, D = 0.961, and Even. = 0.139) ( Table 6) .
Site 11, a mixed woodland/meadow pool with herbaceous plants around the site and Salix spp. throughout was also dominated by Ae. tahoensis (91.1%) but had lower species diversity and evenness indices compared to the four woodland pools (H = 0.363, D = 0.834, Even. = 0.262, Table  6 ). Aedes cataphylla, Ae. hexodontus, and Ae. increpitus were also collected at this site (Table 3) . Aedes tahoensis made up 75.3% of the larvae collected at Site 12, but this site also had three other species present (Table 5 ) and species diversity indices reflexed this result (H= 0.734, D = 0.598, Even. 0.530, Table 6 ). Meadow sites below 3,390 m a.s.l., excluding Site 1, showed the greatest species diversity and evenness (H = 0.923 to 1.420, D = 0.301 to 0.708, Even. = 0.440 to 0.795) (Table 6, Figure 9 ). Species diversity was lower in the high subalpine meadow Sites 18 and 19 compared to the lower meadow sites. Three species were collected at these sites; Ae. pullatus. Ae. hexodontus, and Ae. cataphylla ( Table 3 ). The proportional abundances were 0.825, 0.171, and 0.004 for Site 18, and 0.605, 0.383, and 0.012 for Site 19, respectively.
Along the Rock Creek Watershed, species diversity indices for H ranged from 0.0 to 1.060, D from 0.382 to 1 and Even. from 0.0 to 0.999 (Table 7 ). The Shannon index was negatively correlated with the Simpson Index (r = -0.971) and Even. was correlated with the Shannon index (r = 0.701) and negatively correlated with the Simpson index (r = -0.833). There were four sites where only one species was collected. Aedes increpitus was the only species collected at Site 1, the stream/willow overflow site at 2,554 m a.s.l. It was also the dominant species at Site 2 with a proportional abundance of 0.974, H = 0.122, D = 0.947, and Even. = 0.176. Aedes hexodontus was the only species collected at Sites 6 and 7. It was the most abundant species at meadow Sites 8, 9, and 11, and the proportional abundance was greater than 0.9, and species diversity was low (Table 7) . Aedes ventrovittis was the only species collected from the large vernal pond, Site 13 at 3,252 m a.s.l. The highest species diversity indices along Rock Creek were at Site 15 (H = 1.060, D = 0.430, Even. = 0.765) and Site 17 (H = 1.060, D = 0.382, Even. = 0.766) ( Table 7) . Site 15 consisted of two large vernal pools joined by a culvert under an old mining road. They were part of a drainage from a meadow. Site 17 was a grass meadow and larvae were found in shallow rock edged depressions. The variability in the Shannon species diversity index of the sites along Rock Creek is shown in Figure 10 .
DISCUSSION
Species distribution
Aedes species in the subalpine zone were present at different elevations, and occupied a wide variety of aquatic habitats; from small depressions in shaded and open area, stream seepage areas, overflow depressions along streams, open meadows, and woodland pools. All sites except Sites 3, 12, 13, 14, and 19 along the South Fork of Bishop Creek became dry as the summer progressed. Species associations in different habitats and elevations were similar to previous studies on Aedes in the Sierra Nevada Mountains (Carpenter 1961a (Carpenter , b, 1962a (Carpenter , b, c, d, 1963 (Carpenter , 1968 (Carpenter , 1970 (Carpenter , 1972 .
Aedes schizopinax was mainly found in grassy meadows at lower subalpine elevations (2,696 m a.s.l. to 2,883 m a.s.l.), but some were collected at 3,291 m a.s.l. These results were similar to the study in Mono County, CA, eastern Sierras at 2,377 m a.s.l. (Carpenter 1962b) , Bishop Creek watershed at 2,743 m a.s.l. (Carpenter 1970) , and Rock Creek watershed from 2,835 m a.s.l. to 3,109 m a.s.l. (Carpenter 1972) . Immature Ae. schizopinax were collected by Nielsen and Rees (1961) in Utah below 2,134 m a.s.l. Carpenter (1970) collected Ae. increpitus larvae at 2,743 m a.s.l. along Bishop Creek but only adults along Rock Creek at 2,834 m a.s.l. (Carpenter 1972) . Previous studies in the Sierra Nevada Mountains found Ae. increpitus larvae from 1,219 m a.s.l. to 2,591 m a.s.l. (Freeborn and Bohart 1951, Carpenter 1962c) . Other studies in the western U.S.A. found Ae, increpitus larvae from 1,219 m a.s.l. to 2,987 m a.s.l. (Nielsen and Rees 1961 , Smith 1966 , Wolff and Nielsen 1976 . In the present study, Ae. increpitus was found at elevations between 2,696 m a.s.l. and 3,278 m a.s.l. along the South Fork of Bishop Creek and between 2,554 m a.s.l. and 3,189 m a.s.l. along Rock Creek. This study extends the elevation range of larval habitats of Ae. increpitus to 3,278 m a.s.l. Although breeding sites can be wide ranging, larvae of Ae. increpitus were previously collected in the mountains of California in large, willow-shaded pools (Carpenter 1962c) , and in the present study they were mostly collected in grassy meadow sites with some willows along the edge of the breeding sites.
The broad elevational distribution of the larval habitats of Ae. cataphylla was similar to studies conducted in other western states (Owen 1951 , Baker 1961 , Nielsen and Rees 1961 , Smith 1966 , Wolff and Nielsen 1976 . Carpenter (1961b) collected Ae. cataphylla in the eastern Sierra Nevada Mountains from 1,341 m a.s.l. to 3,017 m a.s.l. Along Bishop Creek, Ae. cataphylla larvae were previously collected at 2,743 m a.s.l. and 3,413 m a.s.l. (Carpenter 1970 ) and along Rock Creek from 2,834 m a.s.l. to 3,280 m a.s.l. (Carpenter 1972) . Their preferred breeding sites were meadow pools where there was a considerable amount of dead grass. The majority of larvae collected in this study were from grass meadows between 3,150 m a.s.l. to 3,278 m a.s.l., which probably was indicative of the type of habitat as well as elevation.
Larvae of Ae. ventrovittis had previously been collected at 3,279 m a.s.l. in the Rock Creek watershed (Carpenter 1972) , and near Bishop Pass at 3,505 m a.s.l. (Bohart and Washino 1978) . Only adults had been collected along the South Fork of Bishop Creek by Carpenter (1970) . In the present study, larvae were also collected at high elevations; 3,219 m a.s.l. to 3,316 m a.s.l. at Rock Creek and 3,043 m a.s.l. to 3,390 m a.s.l. along the South Fork of Bishop Creek. The breeding sites in the present study were sunlit open grass meadows, ponds or snow-melt pools; while Carpenter (1963) found them only in meadow depressions.
The other alpine Aedes found mostly at high elevations was Ae. pullatus. Larvae had previously been collected in the Sierras from a wide range of aquatic habitats at elevations ranging from 2,651 m a.s.l. to 3,474 m a.s.l. (Bohart and Washino 1978) . It was collected from 3,214 m a.s.l. to 3,340 m a.s.l. in habitats along the Rock Creek Watershed (Carpenter 1972) , and from 3,291 m a.s.l. to 3,413 m a.s.l. along the South Fork of Bishop Creek (Carpenter 1970) .
Aedes pullatus larvae were found in other western states from 1,981 m a.s.l. to 3,660 m a.s.l., (Owen 1951 , Baker 1961 , Nielsen and Rees 1961 , Smith 1966 , Wolff and Nielsen 1976 . Breeding sites were diverse, ranging from snow-melt pools to open meadows and the overflow of stream beds. It was not found in the woodland pools along the South Fork of Bishop Creek.
Aedes tahoensis was previously identified as Ae. communis but later considered a separate species in the Sierra Nevada mountains (Brust and Munstermann 1992) . It was found at elevations from 1,615 m a.s.l. to 3,018 m a.s.l. in the mountains of California by Carpenter (1961c) . In the present study, it was found from 2,605 m a.s.l. to 3,390 m a.s.l. It was not found during the surveys of Carpenter along Rock Creek and the South Fork of Bishop Creek, however adults were collected while biting (Carpenter 1970 (Carpenter , 1972 . The preferred breeding sites of Ae. tahoensis were shaded, temporary, snowmelt pools with leaves, pine needles, and broken twigs on the bottom in coniferous forests. These habitats were similar to those where Carpenter (1961c) found them most abundant. Larvae were also found in fewer numbers in meadow pools. The lack of woodland pools along Rock Creek was most likely the reason why the number of Ae. tahoensis larvae collected was much lower than along the South Fork of Bishop Creek.
The elevational distribution of Ae. hexodontus larval breeding sites was in agreement with Carpenter (1970 Carpenter ( , 1972 who found them along Bishop Creek from 2,743 m a.s.l. to 3,292 m a.s.l., and from 2,804 m a.s.l. to 3,341 m a.s.l. along Rock Creek. The elevational distribution of Ae. hexodontus in other western states ranged from 1,981 m a.s.l. to 3,566 m a.s.l. (Owen 1951 , Baker 1961 , Nielsen and Rees 1961 , Smith 1966 , Wolff and Nielsen 1976 .
In the present study, Ae. hexodontus larvae were found in a variety of aquatic habitats but were rarely found in woodland pools. They were found together in different abundances in wet meadows, except at the high meadow sites (Site 18 and 19) along Bishop Creek (Table 3) . Carpenter (1962d) found Ae. hexodontus larvae in woodland pools similar to those of Ae. tahoensis (as Ae. communis) .
Aedes dorsalis (Meigen) and Ae. nigromaculis (Ludlow) were not collected in this study but were collected along Rock Creek by Carpenter (1970) from 2,621 m a.s.l. to 2,926 m a.s.l. and from 2,621 m a.s.l. to 2,834 m a.s.l., respectively. Culex tarsalis was collected along Bishop Creek at Site 1 (2,696 m a.s.l.) on June 15, 2012, but was not collected by Carpenter (1970 Carpenter ( , 1972 . Culiseta incidens was found in several meadow habitats. At the higher elevations, Sites 18 and 19, it was associated with Ae. hexodontus and Ae. pullatus. These results were similar to those of Carpenter (1969) .
Seasonal development
Mountain Aedes typically emerge in early spring at lower elevations and later at higher elevations. Differences in duration of the larval stages of Aedes spp. had been recorded previously in the Sierra Nevada Mountains (Carpenter 1961a (Carpenter , b, c, 1962a (Carpenter , b, c, 1963 (Carpenter , 1968 (Carpenter , 1970 (Carpenter , 1972 . In the present study, the subalpine zone elevation differences in larval development were not readily evident. Habitat characteristics, including water temperature, appeared to shorten or prolong larval development. This was seen when sites at similar elevations for Ae. hexodontus were compared (Figures 4 and 5) . Site 18 was compared to Site 19, Site 7 with Site 20, and Site 13 with Site 14. Sites that were influenced by cold water streams, Sites 20, 19, and 14, had 1 st instar larvae during the first collections, while Sites 7, 13, and 18 did not. Also, larvae were collected from Sites 20 and 19 at least three weeks after they were absent from Sites 7 and 18 (Figure 4 ). This was also seen when Site 9 and Site 12 were compared for Ae. tahoensis (Figure 6 ), Sites 18 and 19 for Ae. pullatus (Figure 7) , and Sites 13 and 14 for Ae. cataphylla (Figure 7) . Also, Ae. schizopinax had a longer development period at Site 3 compared to Sites 4 and 13. The longer development period may have been due to seepage from Bishop Creek.
In 2013, May and June water temperatures were recorded at Sites 9, 12, 18, and 19. Site 9 had higher mean temperatures than did Site 12, and Site 18 had higher mean water temperatures than Site 19. These differences supported the conclusion that the water temperature impacted larval development, even in sites at similar elevations and in the same meadow (i.e., Site 18 vs Site 19).
In addition, snowpack water content was found to be an important determinate of larval development period and drying of breeding sites. This was most evident at Rock Creek where many sites were dry during years of low snowpack and at Bishop Creek when the presence of pupae and the drying of habitats were examined (Table 5) .
The seasonality of Cs. incidens began when the subalpine Aedes larvae were in the late instars. They continued to be collected until late August and were associated with several alpine mosquitoes. These results were similar to the results of Carpenter (1969) .
Heterogeneity of a habitat, such as in the meadow with Sites 18 and 19, provided opportunities for Ae. hexodontus and Ae. pullatus larvae to develop at different rates and subsequently for adults to be present in the meadow for a longer period of time. Habitat heterogeneity at Site 14 was observed for Ae. cataphylla larvae which were only collected in the thick grass along the margin of the habitat in 2013, but Ae. hexodontus and Ae. tahoensis were collected in open water and in the grass margins.
Conclusions made about presence or absence and larval phenology can be impacted by how one samples heterogeneous habitats. Also, species presence and abundance can vary from one year to the next and therefore, multiple year collections would be more revealing of a species presence in a particular breeding habitat than only one year of collection.
Species diversity
Results from the South Fork of Bishop Creek showed that species diversity was lowest in woodland pools and highest in meadows. The evenness of the distribution between species in the habitats was also higher in the meadow sites compared to the woodland pool sites. The lower diversity of woodland pools was most likely due to habitat homogeneity. They were sites bordered by pine trees and, in some cases, sparsely spaced willow along the edges with little or no herbaceous vegetation on the margins of the sites. The water was clear with pine needles and small pine cones as detritus.
Some sites had species diversity indices intermediate between woodland sites and open meadows (Table 6 ). For example, Site 11 was a partially shaded vernal pool located at the pine woodland-meadow interface with Salix spp. throughout, herbaceous vegetation along the margins, and pine needles and willow leaves as the main detritus. Species diversity at site 20 was similar the woodland sites; being dominated by Ae. hexodontus rather than Ae. tahoensis. It appeared to be a homogeneous grass dominated marsh, although during a preliminary survey in 2009, Ae. tahoensis was collected at the end of the marsh in a small willow-edged pool.
Along the Rock Creek Watershed many of the meadow sites had lower species diversity indices when compared to those along Bishop Creek (Table 7, Figure 10 ). Only meadow sites 5, 15, and 17 had indices comparable with the open meadow sites below 3,390 m a.s.l. along Bishop Creek. There were no obvious habitat characteristics that distinguished Rock Creek meadow sites from Bishop Creek meadow sites. Sampling along Rock Creek was not conducted in 2013, but there was no obvious difference in species abundance or species diversity for the sites sampled in 2011, 2012, and 2014.
In conclusion, the subalpine Aedes collected in this study and their elevation distribution were similar to the mountain Aedes collected in past studies in the eastern Sierra Nevada Mountains of California and other western states. Some species were found more often in certain habitats and at different elevations. Similar to the results of Smith (1966) , habitat was more indicative of species presence than elevation alone. Species diversity in the subalpine zone was related to habitat type.
In this study, Cs. incidens larvae were collected later in the season than were Aedes larvae and occurred in habitats that still had water. Culex tarsalis, a vector of WNV (Hayes et al. 2005) was not collected from the vernal pools or wet meadows above 2,696 m a.s.l. Larval collections from backwater marsh areas of subalpine lakes and adult collections at higher altitudes would help clarify its altitudinal distribution in the eastern Sierra Nevada Mountains.
Sampling over a four-year period gave a more comprehensive picture of species distribution, species richness, larval abundance, and diversity patterns than if larvae were sampled only for one season. Similar conclusions were made by Dahl et al. (2004) who conducted a larval study in Sweden. Abiotic factors such as snowpack and water temperature impacted species development times and the time habitats dried. It was concluded that spatial temporal patterns of habitats along an elevation gradient influenced species presence and larval development, and microhabitats within a particular habitat should be taken into consideration when sampling a habitat, particularly in relation to species diversity.
This study will help guide future research that focuses on the potential change in the distribution and seasonality of subalpine mosquitoes and disease potential in the eastern Sierras as climatic conditions change. Present knowledge on the disease potential of subalpine Aedes collected in this study is unknown. Some species have been recorded to have more than one gonotrophic cycle (Bohart and Washino 1978) and potentially could be involved in the transmission of human or animal diseases. Further studies on the biting behavior and physiological age of these mosquitoes is warranted and would provide additional important information on changing disease potential.
